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SYSTEMAND METHOD FORUE FOUNTAIN 
RELAY BASED NETWORK 

0001. This application claims the benefit of U.S. Provi 
sional Patent Application Ser. No. 61/737,592, filed on Dec. 
14, 2012, and entitled “Fountain Relay System and Method.” 
which application is incorporated herein by reference. 

TECHNICAL FIELD 

0002 The present invention relates to the field of wireless 
communications, and, in particular embodiments, to system 
and method for user equipment (UE) fountain relay based 
network. 

BACKGROUND 

0003 Improvements in cellular systems include enhanc 
ing throughput and coverage. To address these two issues, one 
trend is to deploy low power nodes (LPNs) and/or relays 
nodes (RNs), for example in the framework of Heterogeneous 
Network (HetNet). To improve throughput and coverage, the 
LPNs transmit cellular or wireless signals directly to user 
equipments (UES), while the RNs relay cellular or wireless 
signals between base stations and UES to improve throughput 
and coverage. However, deploying more LPNs and RNs, e.g., 
by operators, increase capital and operational cost. Overall 
cost may include installation, backhaul, and maintenance 
costs. Another trend is to use communications between UEs, 
also referred to in some scenarios as device-to-device (D2D) 
communications, to establish joint UE reception, where some 
of the UEs act as relays for other UEs to improve system 
throughput and coverage. However, exchanging information 
among the UEs can require Substantial amount of power and 
resource. Joint UE reception using D2D communications can 
also increase the complexity of the network, e.g., using addi 
tional signaling, to ensure the reliable reception of transmit 
ted signals. There is a need for an efficient scheme to Support 
joint UE reception with UE-to-UE based relay systems. 

SUMMARY OF THE INVENTION 

0004. In one embodiment, a method for UE based relay for 
a wireless network includes receiving, at a relay UE, a data 
packet intended for a destination UE from an access point of 
the wireless network, the data packet including fountain code 
at a higher network layer than a media access control (MAC) 
Sub-layer, returning a hybrid automatic repeat request 
(HARQ) acknowledgment (ACK) message at the MAC sub 
layer to the access point, and sending the data packet to the 
destination UE. 
0005. In another embodiment, a method for supporting 
UE based relay for a wireless network includes receiving, at 
a destination UE, a data packet forwarded via a relay UE from 
an access point of the wireless network, the data packet 
includes data encoded with fountain code at a higher network 
layer than a MAC sub-layer, decoding the data, and sending 
an ACK message at the higher network layer to the access 
point upon receiving the entire data. 
0006. In another embodiment, a method for supporting 
UE based relay for a wireless network includes encoding, at a 
base station, data intended for a destination UE using fountain 
code at a higher network layer thana MAC Sub-layer, sending 
a plurality of data packets including the encoded data to a UE 
group for joint reception including the destination UE, and 
receiving an ACK message at the higher network layer from 

Jun. 19, 2014 

the destination UE to indicate that the encoded data using 
fountain code is received Successfully. 
0007. In another embodiment, a UE for UE based relay for 
a wireless network includes a processor and a computer read 
able storage medium storing programming for execution by 
the processor. The programming including instructions to 
receive a data packet intended for a destination UE from an 
access point of the wireless network, the data packet includ 
ing fountain code at a higher network layer than a MAC 
sub-layer, return a HARQ ACK message at the MAC sub 
layer to the access point, and send the data packet to the 
destination UE. 
0008. In another embodiment, a UE for supporting UE 
based relay for a wireless network includes a processor and a 
computer readable storage medium storing programming for 
execution by the processor. The programming including 
instructions to receive a data packet forwarded via a relay UE 
from an access point of the wireless network, the data packet 
includes data encoded with fountain code at a higher network 
layer than a MAC Sub-layer, decode the data, and send an 
ACK message at the higher network layer to the access point 
upon receiving the entire data. 
0009. In yet another embodiment, a base station for Sup 
porting UE based relay for a wireless network includes a 
processor and a computer readable storage medium storing 
programming for execution by the processor. The program 
ming including instructions to encode data intended for a 
destination UE using fountain code at a higher network layer 
than a MAC sub-layer, send a plurality of data packets includ 
ing the encoded data to a UE group for joint reception includ 
ing the destination UE, and receive an ACK message at the 
higher network layer from the destination UE to indicate that 
the encoded data using fountain code is received successfully. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 For a more complete understanding of the present 
invention, and the advantages thereof, reference is now made 
to the following descriptions taken in conjunction with the 
accompanying drawing, in which: 
0011 FIG. 1 illustrates a UE-to-UE relay based system. 
0012 FIG. 2 illustrates a UE group based relay system. 
(0013 FIG. 3 illustrates an embodiment of a UE relay 
based scheme. 
0014 FIG. 4 illustrates an embodiment method for UE 
based relay. 
0015 FIG. 5 is a block diagram of a processing system that 
can be used to implement various embodiments. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

0016. The making and using of the presently preferred 
embodiments are discussed in detail below. It should be 
appreciated, however, that the present invention provides 
many applicable inventive concepts that can be embodied in a 
wide variety of specific contexts. The specific embodiments 
discussed are merely illustrative of specific ways to make and 
use the invention, and do not limit the scope of the invention. 
0017 System and method embodiments are presented for 
providing flexible and reliable UE-to-UE based relay, which 
can improve a network performance in terms of throughput 
and coverage. The embodiments include using fountain codes 
to combine signals at any suitable layer higher than the media 
access control (MAC) Sub-layer, such as an application layer. 
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The embodiments also include improving base station to UE 
efficiency by using a MAC sub-layer hybrid automatic repeat 
request (HARQ) transmission scheme with the higher layer 
fountain codes. Using fountain codes at the higher layer 
allows a receiving UE to compensate for loss of data packets, 
Such as due to residual HARQ errors, unsuccessful reception, 
or other reasons. Combining the higher layer fountain codes 
with the MAC sub-layer HARQ scheme also reduces the 
number of HARO retransmissions and relaxes some require 
ments for handling UE relay communications. Such as remov 
ing the need to receive and decode every packet for HARQ. 
This also reduces delay time of communications for the UE. 
The embodiments allow the joint optimization of the HARQ 
scheme at the MAC sub-layer with fountain codes at a higher 
layer, as described below. 
0018 FIG. 1 shows a UE-to-UE relay based system 100, 
including a base station 110, for example an evolved Node B 
(eNB), and a plurality of UEs 120. The base station 110 serves 
as an access point for the UEs 120 in a cellular network. 
Examples of UEs 120 include cellular telephones, Smart 
phones, computer tablets, computer desktops, or other mobile 
or personal devices capable of establishing wireless commu 
nications. Using D2D communications, a UE120 (UE-A) can 
serve as a relay between the base station 110 and a target UE 
120 (UE-B), for example during the idle time of UE-A. The 
relay UE-A can receive and forward signals intended to the 
target UE-B from the base station 110 to the UE-B.The UE-A 
can also receive and forward signals from UE-B to the base 
station 110. The UE-A communicates with the base station or 
eNB110 via an eNB to UE (or access) link and communicates 
with the UE-B via a UE-to-UE link (or a D2D link). 
0019. The UE-A may be used as a relay as such when the 
eNB (or access) link to UE-A is better (e.g., in terms of signal 
to noise ratio or other performance criteria) than the eNB link 
to UE-B. For example, the UE-A can communicate with 
UE-B and/or the base station 110 using one or more different 
frequency channels. Thus, relaying the signals between the 
base station or eNB 110 and UE-B may improve throughput 
and hence performance. The relay UE-A can also be used as 
a relay to extend the reach or coverage of the signals from the 
base station 110 to UE-B (for downlink) and similarly from 
UE-B to the base station 110 (for uplink). The gain in 
throughput and coverage may be determined by the capacity 
and reliability of the link from the base station or eNB 110 to 
the relay UE-A, as well as the efficiency and reliability of the 
link from the relay UE-A to the target UE-B. With a reliable 
UE relay based system, fewer LPNs and/or RNs are needed in 
the network, which reduces capital and operation cost. 
0020 FIG. 2 shows a UE group based relay system 200, 
including one or more base stations 210 (e.g., eNBS) and a 
plurality of UEs 220, which may be located within a coverage 
cell 230 of the base station 210. The UEs 220 may be arranged 
in different UE groups 240 for joint UE reception. The groups 
240 may be established by an association process between the 
UEs 220 within a group 240, e.g., via D2D communications. 
In each group 240, one or more UEs 220 can serve as relays 
for other UEs 220. The relay UEs 220 can change over time, 
e.g., according to signal, location, UE, and/or network con 
ditions. Further, UEs 220 can enter and exit different groups 
240 over time. A UE 220 may also join more than one group 
240 at the same time or may not be a member of any group 
240. 

0021 AUE 220 is associated with several nearby UEs 220 
to form a group 240. As such, the chance that all the UEs 220 
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within a group 240 experience signal down-fading at the same 
time is substantially low. Thus, at least one UE 220 in the 
group is likely to receive the signal or packet. The UE group 
based relay scheme also facilitates Scheduling, e.g., without 
the need of frequency selective scheduling (FSS) by the base 
station 210. Further, the required Channel Quality Indicator 
(CQI) feedback may be substantially reduced, since due to 
UE selection diversity, the effective CQI (e.g., the best CQI in 
the group) is more stable. To reduce complexity, only UES 
220 that are not experiencing down-fading may operate as 
relays. 
0022. Additionally, to reduce signaling overhead and sim 
plify system design, UE association (to form the groups 240) 
can be transparent to the system or network (e.g., transparent 
to the base station 210). The system reliability can be 
improved using UE group based reception and relay. For 
example, a destination or target UE 220 can select one relay 
UE 220, which has successfully received the data, to do the 
relay. A relay UE 220, also referred to as a helping UE, may 
operate as “decode-and-forward” on a best-effort basis. This 
means that if a relay UE 220 cannot successfully decode a 
received packet or signal, then the relay UE 220 does not 
forward that signal or packet to the target UE 220. 
0023. In an embodiment, fountain codes can be applied to 
communications between a UE and a base station of a wire 
less or cellular network. The fountain codes are rateless codes 
used to ensure that encoded data blocks or bit strings are 
entirely received by a UE. A data block or bit string can be 
encoded using fountain codes and transmitted over a plurality 
packets. For example, an original data block of 1000 bits can 
be encoded (on the network side) using fountain codes. The 
encoding may add few bits to the original bit string or stream, 
for example resulting in a total of 1010 encoded bits. The bits 
are then sent to a UE in a plurality of packets, where each 
packet includes a portion of the encode bits. When the UE 
receives all the encoded bits (in the different packets), the UE 
can decode the bits to retrieve the original 1000 bits. 
0024. A Hybrid ARQ (or HARQ) scheme can also be used 
for reducing communication errors, e.g., due to lost packets or 
other errors. The HARQ scheme includes using forward error 
correction (FEC) codes in transmission to enable the receiv 
ing UE to determine whether a packet was received correctly 
(e.g., without error). The FEC codes in each packet may 
include redundancy bits. The UE can use the FEC code in a 
packet to determine errors per packet. The HARQ scheme 
also includes sending an acknowledgement (ACK) message 
from the UE back to the network when a packet is received 
with error. Thus, the network resends that packet. 
0025. The fountain codes can be applied in a UE-to-UE 
relay based system (e.g., the system 100) or a UE group based 
relay system (e.g., the system 200) at a higher layer that the 
MAC sub-layer. For example, the higher layer may be an 
application layer, a transport layer, or a network layer above 
the data link layer. Specifically, the fountain codes are applied 
at the base station or network at a layer higher than the MAC 
Sub-layer and Subsequently decoded at the destination or 
target UE. However, the fountain codes at the higher layer are 
transparent to the relay UE, which relays the packets and 
implements the HARQ scheme at the MAC sub-layer. 
0026. Since a relay UE in the UE-to-UE relay based sys 
tem (e.g., the UE-A in system 100) is not a dedicated relay, 
packet loss can happen, for example due to HARQ residual 
error or the UE leaving a group of joint UE reception. For 
instance, when a relay UE 220 leaves a UE group 240, a 
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packet sent or received by that relay UE 220 can be lost if the 
relay UE 220 sends back a HARQACK but does not send it to 
the destination UE 220 in the same UE group 240. Applying 
fountain codes in the higher layer can prevent Such losses and 
provide better UE quality of experience. Specifically, a base 
station 210 continues to send packets with fountain codes for 
a bit stream or data block until the base station 210 receives a 
corresponding ACK message from the destination UE 220 at 
the higher layer to indicate complete reception and decoding 
of that bit stream or data block. The base station 210 then 
stops the transmission or retransmission of the data packets 
for that bit stream or data block. Using the fountain codes as 
such at the higher layer (above the MAC sub-layer) relaxes 
the requirement of Successful detection and relaying of each 
individual packet and enables autonomous loose UE coop 
eration, which allows more flexibility in the UE-to-UE relay 
scheme. As such, UEs can join and leave a UE group at any 
time without Substantially reducing user experience due to 
packet losses and in a manner transparent to the base station 
or network. 

0027 Combining the fountain codes at the higher layer 
with the HARQ scheme at the MAC sub-layer allows for joint 
optimization. Typically, the higher the code rate at the physi 
cal layer, the lower the necessary code rate is at the higher 
layer, and Vice-versa, to meet signal to noise level require 
ments. This trade-off between the physical layer and the 
higher layer applicable rates allows the joint optimization of 
FEC and fountain code rates at the two layers to improve 
capacity. As described above, upon decoding the packets 
Successfully at the UE at the higher layer, an ACK message is 
sent back to the network, which reduces the need for HARQ 
retransmissions and communications at the MAC Sub-layer. 
0028 FIG. 3 shows an embodiment of a UE relay based 
scheme 300 using joint optimization of the higher layer foun 
tain codes and the MAC sub-layer HARQ scheme. The 
scheme 300 involves a plurality of UEs, including helping 
UE1 and UE2 that serve as relays to a target UE0. The target 
UE0 is intended to receive a plurality of potions of an encoded 
data block orbit string, which may be relayed by UE1 and/or 
UE2 from a base station (not shown) to UE0. The portions of 
the data block are encoded at the base station using fountain 
codes and then transmitted to relay UE1/U2 in multiple pack 
ets. For example, the encoded data block is partitioned into 4 
portions and transmitted in a plurality of packets including d1 
to d5. In turn, the relay UE1/UE2 forward the packets to UE0, 
which needs to collect the 4 portions to decode the entire data 
block or bit string. The fountain codes in the relayed packets 
are transparent to the relay UE1/UE2. For example, if UE0 
successfully receives d1 and d4 from UE1 and successfully 
receives d2 and d5 from UE2 but packet d3 is lost in the relay 
process, then UE0 can still obtain the 4 needed portions to 
decode the entire data block or bit string. After successfully 
decoding the data, UE0 sends back an ACK message at the 
higher layer to the base station. 
0029. With respect to data packets d1 to d5, each one of 
UE1 and UE2 that has successfully received the packet can 
send an MAC sub-layer ACK to the base station. If more than 
one UE have correctly received the packet, then each may 
send a MAC sub-layer ACK independently from the other. 
UE relaying can be selective combining based, which means 
that the UE with the best relay channel is selected to relay the 
packet. This implementation requires coordination among 
the UEs. Alternatively, the same packet can be forwarded 
simultaneously by all the relaying UEs (e.g., at the same 
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time). This second implementation may be less efficient than 
the selective combining approach in terms of energy effi 
ciency and interference generation but does not require coor 
dination between the UEs. 

0030 UE0, UE1, and UE2 are part of the same UE group 
which can be formed on a UE-centric basis (by association 
between the UEs). Any UE included in the group of UE0 may 
be selected for relay based on having a sufficiently good 
access linkanda Sufficiently good relay link, e.g. according to 
signal and error conditions. The term “good’ may be relative 
to UE0’s own access link (direct link with a base station). 
UE0 can have UE1 in its group, but UE1 may not necessarily 
have UE0 in its group, for instance because the chance for 
UE1 to get help from UE0 can below. In addition, the size of 
a UE relaygroup can be predefined. For example, a group size 
that is Substantially large may be inefficient, and a size that is 
too small may be unreliable. 
0031. In scenarios, the HARQ scheme can be more effec 
tive for the first about three retransmissions. Additional 
retransmissions can be less effective, for instance in terms of 
both coding gain and energy accumulation/interference 
diversity. Typically, HARQ is designed for scenarios where 
no higher layer FEC codes are used, such as in long term 
evolution (LTE) systems. Further, typical TCP/IP protocols 
are designed to handle relatively low packet rates, e.g., in 
relatively high speed TCP-based file downloads that require 
loss rates on the order of 10 to 10°. As such, the HARQ 
scheme on a MAC sub-layer may be needed to correct a 
plurality or the majority of transmission errors. However, by 
applying fountain codes in UE-to-UE relay at a higher layer, 
the required HARQ performance can be substantially relaxed 
and user experience can also be significantly improved. Spe 
cifically, the number of HARQ retransmissions can be limited 
to about 1 to 3 retransmissions, leaving the higher layer foun 
tain codes to handle any additional errors or losses. This is 
referred to herein as joint optimization of the higher layer 
fountain codes and the MAC sub-layer HARQ codes and 
transmissions. 

0032 FIG. 4 is a protocol diagram that shows an embodi 
ment method 400 for UE based relay with higher layer foun 
tain codes and MAC sub-layer HARQ with FEC codes. The 
method 400 is implemented by a base station, a relay UE, and 
a destination UE. The relay UE and the destination UE are 
part of a UE group for joint reception, e.g., as described in 
system 200. At step 401, the base station sends a packet 
intended for the destination UE to the UE group. The packet 
includes a portion of original data encoded with fountain 
codes at an application layer or any otherlayer higher than the 
MAC sub-layer. At step 402, upon receiving the packet by a 
relay UE in the UE group, the relay UE returns a MAC 
sub-layer ACK message to the base station. If the relay UE 
does not receive the packet, the ACK message is not sent and 
the base station retransmits the same packet (until receiving 
the ACK or a maximum number of retransmissions is 
reached). At step 403, the relay UE forwards the packet to the 
destination UE, which belongs to the same UE group as the 
relay UE. Alternatively, if the destination UE receives the 
packet directly from the base station, then the destination UE 
sends the MAC sub-layer ACK message to the base station. 
0033. The steps 401 to 403 are repeated for each packet 
sent from the base station and relayed by the relay UE to the 
destination UE. The destination UE collects the data portions 
in each received packet at the higher layer. At step 404, upon 
receiving enough number of packets at the destination UE, the 
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destination UE starts to decode the fountain coded data. Once 
the original data is successfully decoded, the destination UE 
returns a higher layer ACK message to the base station. 
Hence, the base station stops sending the packets for that data. 
Otherwise, the base station keeps transmitting the next foun 
tain coded packet, until a higher layer ACK is received or a 
predefined transmission time is reached. Thus, the method 
400 can reduce HARQ retransmissions. 
0034 FIG.5 is a block diagram of a processing system 500 
that can be used to implement various embodiments. Specific 
devices or UEs may utilize all of the components shown, or 
only a Subset of the components, and levels of integration may 
vary from device to device. Furthermore, a device may con 
tain multiple instances of a component, Such as multiple 
processing units, processors, memories, transmitters, receiv 
ers, etc. The processing system 500 may comprise a process 
ing unit 501 equipped with one or more input/output devices, 
Such as a speaker, microphone, mouse, touchscreen, keypad, 
keyboard, printer, display, and the like. The processing unit 
501 may include a central processing unit (CPU) 510, a 
memory 520, a mass storage device 530, a video adapter 540, 
and an I/O interface 560 connected to a bus. The bus may be 
one or more of any type of several bus architectures including 
a memory bus or memory controller, a peripheral bus, a video 
bus, or the like. 
0035. The CPU 510 may comprise any type of electronic 
data processor. The memory 520 may comprise any type of 
system memory Such as static random access memory 
(SRAM), dynamic random access memory (DRAM), syn 
chronous DRAM (SDRAM), read-only memory (ROM), a 
combination thereof, or the like. In an embodiment, the 
memory 520 may include ROM for use at boot-up, and 
DRAM for program and data storage for use while executing 
programs. In embodiments, the memory 520 is non-transi 
tory. The mass storage device 530 may comprise any type of 
storage device configured to store data, programs, and other 
information and to make the data, programs, and other infor 
mation accessible via the bus. The mass storage device 530 
may comprise, for example, one or more of a solid state drive, 
hard disk drive, a magnetic disk drive, an optical disk drive, or 
the like. 

0036. The video adapter 540 and the I/O interface 560 
provide interfaces to couple external input and output devices 
to the processing unit. As illustrated, examples of input and 
output devices include a display 590 coupled to the video 
adapter 540 and any combination of mouse/keyboard/printer 
570 coupled to the I/O interface 560. Other devices may be 
coupled to the processing unit 501, and additional or fewer 
interface cards may be utilized. For example, a serial interface 
card (not shown) may be used to provide a serial interface for 
a printer. 
0037. The processing unit 501 also includes one or more 
network interfaces 550, which may comprise wired links, 
such as an Ethernet cable or the like, and/or wireless links to 
access nodes or one or more networks 580. The network 
interface 550 allows the processing unit 501 to communicate 
with remote units via the networks 580. For example, the 
network interface 550 may provide wireless communication 
via one or more transmitters/transmit antennas and one or 
more receivers/receive antennas. In an embodiment, the pro 
cessing unit 501 is coupled to a local-area network or a 
wide-area network for data processing and communications 
with remote devices, such as other processing units, the Inter 
net, remote storage facilities, or the like. 
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0038. While this invention has been described with refer 
ence to illustrative embodiments, this description is not 
intended to be construed in a limiting sense. Various modifi 
cations and combinations of the illustrative embodiments, as 
well as other embodiments of the invention, will be apparent 
to persons skilled in the art upon reference to the description. 
It is therefore intended that the appended claims encompass 
any such modifications or embodiments. 
What is claimed is: 
1. A method for user equipment (UE) based relay for a 

wireless network, the method comprising: 
receiving, at a relay UE, a data packet intended for a des 

tination UE from an access point of the wireless net 
work, the data packet including fountain code at a higher 
network layer than a media access control (MAC) sub 
layer; 

returning a hybrid automatic repeat request (HARO) 
acknowledgment (ACK) message at the MAC sub-layer 
to the access point; and 

sending the data packet to the destination UE. 
2. The method of claim 1, wherein the data packet received 

from the access point further includes HARQ forward error 
correction (FEC) code at a network physical (PHY) layer. 

3. The method of claim 1, wherein the relay UE and the 
destination UE are associated with a UE group for joint recep 
tion and decode the data packet jointly. 

4. The method of claim 3, wherein the relay UE in the UE 
group is transparent to the access point. 

5. A method for supporting user equipment (UE) based 
relay for a wireless network, the method comprising: 

receiving, at a destination UE, a data packet forwarded via 
a relay UE from an access point of the wireless network, 
the data packet includes data encoded with fountain 
code at a higher network layer than a media access 
control (MAC) sub-layer; 

decoding the data; and 
sending an acknowledgement (ACK) message at the higher 

network layer to the access point upon receiving the 
entire data. 

6. The method of claim 5, wherein different portions of the 
data are received in different packets from one or more relay 
UEs in a UE group for joint reception associated with the 
destination UE. 

7. The method of claim 5 further comprising returning a 
hybrid automatic repeat request (HARO) acknowledgment 
(ACK) message at the MAC sub-layer to the access point 
upon directly receiving a data packet from the access point, 
and wherein the data packet includes HARQ forward error 
correction (FEC) code. 

8. A method for Supporting user equipment (UE) based 
relay for a wireless network, the method comprising: 

encoding, at a base station, data intended for a destination 
UE using fountain code at a higher network layer than a 
media access control (MAC) sub-layer; 

sending a plurality of data packets including the encoded 
data to a UE group for joint reception including the 
destination UE; and 

receiving an ACK message at the higher network layer 
from the destination UE to indicate that the encoded data 
using fountain code is received successfully. 

9. The method of claim 8 further comprising receiving a 
hybrid automatic repeat request (HARO) acknowledgment 
(ACK) message at the MAC sub-layer for each of the data 
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packets from one or more relay UEs in the UE group that 
receive and relay the data packets to the destination UE. 

10. The method of claim 8 further comprising retransmit 
ting, up to a determined maximum number of retransmis 
sions, each of the data packets until a hybrid automatic repeat 
request (HARO) acknowledgment (ACK) message at the 
MAC sub-layer is received from the UE group for each of the 
data packets. 

11. A user equipment (UE) for UE based relay for a wire 
less network, the UE comprising: 

a processor; and 
a computer readable storage medium storing programming 

for execution by the processor, the programming includ 
ing instructions to: 
receive a data packet intended for a destination UE from 

an access point of the wireless network, the data 
packet including fountain code at a higher network 
layer than a media access control (MAC) sub-layer; 

return a hybrid automatic repeat request (HARQ) 
acknowledgment (ACK) message at the MAC sub 
layer to the access point; and 

send the data packet to the destination UE. 
12. The UE of claim 11, wherein the data packet received 

from the access point further includes HARQ forward error 
correction (FEC) code at a network physical (PHY) layer. 

13. The UE of claim 11, wherein the destination UE is 
associated with the UE in a UE group for joint reception that 
includes UES configured to decode the data packet jointly. 

14. The UE of claim 11, wherein the higher network layer 
is an application layer, a transport layer, or a network layer 
above a data link layer. 

15. A user equipment (UE) for supporting UE based relay 
for a wireless network comprising: 

a processor; and 
a computer readable storage medium storing programming 

for execution by the processor, the programming includ 
ing instructions to: 

receive a data packet forwarded via a relay UE from an 
access point of the wireless network, the data packet 
includes data encoded with fountain code at a higher 
network layer than a media access control (MAC) sub 
layer; 
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decode the data; and 
send an acknowledgement (ACK) message at the higher 

network layer to the access point upon receiving the 
entire data. 

16. The UE of claim 15, wherein the programming includes 
further instructions to receive the data in different packets 
from one or more relay UEs in a UE group for joint reception 
associated with the UE. 

17. The UE of claim 15, wherein the programming includes 
further instructions to return a hybrid automatic repeat 
request (HARO) acknowledgment (ACK) message at the 
MAC sub-layer to the access point upon directly receiving a 
data packet from the access point, and wherein the data packet 
includes HARQ forward error correction (FEC) code. 

18. A base station for Supporting user equipment (UE) 
based relay for a wireless network, the base station compris 
ing: 

a processor; and 
a computer readable storage medium storing programming 

for execution by the processor, the programming includ 
ing instructions to: 

encode data intended for a destination UE using fountain 
code at a higher network layer than a media access 
control (MAC) sub-layer; 

send a plurality of data packets including the encoded data 
to a UE group for joint reception including the destina 
tion UE; and 

receive an ACK message at the higher network layer from 
the destination UE to indicate that the encoded data 
using fountain code is received successfully. 

19. The base station of claim 18, wherein the programming 
includes further instructions to retransmit, up to a determined 
maximum number of retransmissions, each of the data pack 
ets until a hybrid automatic repeat request (HARQ) acknowl 
edgment (ACK) message at the MAC sub-layer is received 
from the UE group for each of the data packets. 

20. The base station of claim 19, wherein the maximum 
number of retransmissions is limited up to three. 
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